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1
DEFECT INSPECTION METHOD AND
DEFECT INSPECTION DEVICE

CLAIM OF PRIORITY

The present application claims priority from Japanese
Patent Application JP 2014-62440 filed on Mar. 25, 2014, the
content of which is hereby incorporated by reference into this
application.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a defect inspection method
and a defect inspection device for inspecting the status of
occurrence of defects in a manufacturing process for manu-
facturing a product by forming a pattern on a substrate (semi-
conductor manufacturing process, liquid crystal display ele-
ment manufacturing process, printed circuit board
manufacturing process, etc.) to be used in a process for detect-
ing the defects, analyzing the occurrence of defects and tak-
ing countermeasures against the occurrence of defects.

2. Description of the Related Art

A background technology of this technical field is
described in JP-A-2008-39882 (Patent Document 1). In
Patent Document 1, light caused by incidence of an optical
beam upon a sample or reflected light from the sample is
incident upon a polarization control element. The polariza-
tion control element causes a phase difference corresponding
to the position of the incidence of the light or reflected light
upon the polarization control element.

SUMMARY OF THE INVENTION

In optical defect inspection of substrates, it is difficult to
detect a bridge defect (also called a “short defect”) where
parts of a line and space pattern (hereinafter referred to as an
“L & S pattern”) of a high aspect ratio and a short interval
(shorter than or equal to the wavelength of the illuminating
light) are locally connected together.

Since the bridge defect exists in a place sandwiched
between lines of an L. & S pattern having a high aspect ratio
and a narrow pitch (short interval), there are cases where
having the illuminating light reach the position of the bridge
defect is difficult, for example. Further, since the bridge
defect has anisotropy in the shape, having the defect cause the
scattered light with high efficiency sometimes becomes dif-
ficult depending on the correlation between the polarization
direction of the illuminating light reaching the defect position
and the directional property of the defect. Furthermore, there
are also cases where the detection of the scattered light from
the defect is difficult due to reflection or absorption of the
scattered light from the defect by the L. & S pattern around the
defect. Moreover, diffracted/scattered light of the illuminat-
ing light that is caused by the LL & S pattern, roughness of the
pattern, disturbance in the periodicity of the pattern, etc. can
act as noise and can disable the detection of the scattered light
from the defect.

In consideration of the situation described above, the
present invention provides a defect inspection device capable
of having the aforementioned bridge defect cause scattered
light of high intensity sufficient for the detection of the defect.
For example, the present invention provides a defect inspec-
tion device capable of having the illuminating light reach the
position of the bridge defect. The present invention also pro-
vides a defect inspection device capable of having a bridge
defect in an anisotropic shape cause the scattered light with
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high efficiency. The present invention also provides a defect
inspection device that allows the scattered light from the
defect to pass through the [ & S pattern around the defect and
thereby enables the detection of the scattered light from the
defect. The present invention also provides a defect inspec-
tion device capable of suppressing the diffracted/scattered
light of the illuminating light caused by the L & S pattern, the
roughness of the pattern, the disturbance in the periodicity of
the pattern, etc. and thereby enabling the detection of the
scattered light from the defect. The present invention also
provides defect inspection methods achieving the above-de-
scribed effects.

In accordance with an aspect of the present invention, there
is provided a defect inspection device comprising: a light
source that emits laser; a vertical illumination unit that applies
the laser emitted from the light source to a sample having a
line pattern formed thereon from a vertical direction via an
objective lens; an oblique illumination unit that applies the
laser emitted from the light source to the sample having the
line pattern formed thereon from an oblique direction; a
detection optical system unit which condenses and detects
light that is reflected/scattered from the sample illuminated
with the laser applied by the vertical illumination unit or the
oblique illumination unit but that enters the objective lens;
and a signal processing unit that processes a signal generated
by the detection optical system unit to thereby detect a defect
on the sample having the line pattern formed thereon. The
vertical illumination unit includes a polarization conversion
unit that converts the laser emitted from the light source into
linearly polarized light, and the vertical illumination unit
applies the laser passed through the polarization conversion
unit to the line pattern formed on the sample, with the laser
being set in a state polarized in a direction orthogonal to a
longitudinal direction of the line pattern. And the detection
optical system unit includes an optical filter that selectively
transmitting a scattered light component from the defect on
the sample having the line pattern by converting the polariza-
tion state of the reflected/scattered light entered and con-
densed by the objective lens into linear polarization.

In accordance with another aspect of the present invention,
there is provided a defect inspection method comprising the
steps of: applying laser emitted from a light source to a
sample having a line pattern formed thereon from a vertical
direction via an objective lens, or applying laser emitted from
the light source to the sample having the line pattern formed
thereon from an oblique direction; condensing and detecting
light that is reflected/scattered from the sample illuminated
with the laser applied from the vertical direction or the
oblique direction but that enters the objective lens; and pro-
cessing a detection signal, thereby detecting a defect on the
sample having the line pattern formed thereon. The applica-
tion of the laser from the vertical direction is performed by
first converting the laser emitted from the light source into
linearly polarized light, and then applying the linearly polar-
ized laser to the line pattern formed on the sample, with the
linearly polarized light being set in a state polarized in a
direction orthogonal to a longitudinal direction of the line
pattern. The detection is performed by first converting into
linear polarization the polarization state of the reflected/scat-
tered light entered and condensed by the objective lens, and
then selectively detecting a scattered light component from
the defect on the sample having the line pattern.

According to the present invention, a defect inspection
device and a defect inspection method capable of inspecting
bridge defects (where parts of an [. & S pattern of a high
aspect ratio and a short interval (shorter than or equal to the
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wavelength of the illuminating light) are connected together)
with high sensitivity can be provided.

These features and advantages of the present invention will
be apparent from the following more particular description of
preferred embodiments of the invention, as illustrated in the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A is a block diagram showing the overall configu-
ration of a defect inspection device in accordance with an
embodiment of the present invention.

FIG. 1B is a view showing the configuration of a vertical
illumination section in the embodiment of the present inven-
tion.

FIG. 2A is a schematic block diagram of detection optical
systems showing the positional relationship among the detec-
tion optical systems and an inspection object substrate in the
embodiment of the present invention.

FIG. 2B is a schematic block diagram of each illumination
section showing the positional relationship between an
oblique illumination section and a vertical illumination sec-
tion in the embodiment of the present invention.

FIG. 2C is a schematic block diagram of oblique detection
sections showing the configuration of the oblique detection
sections in the embodiment of the present invention.

FIG. 3 is a perspective view of an inspection object sub-
strate showing the relationship among an incident direction of
oblique illumination (oblique illuminating light) and detect-
ing directions of detection sections in the embodiment of the
present invention.

FIG. 4A is a plan view of an inspection object substrate
schematically showing an example of a bridge defect on an L.
& S pattern formed on the inspection object substrate.

FIG. 4B is a front view of a D-D cross section of the
inspection object substrate in FIG. 4A, showing a state in
which vertical illumination is given to the bridge defect on the
L & S pattern formed on the inspection object substrate.

FIG. 4C is a plan view of the inspection object substrate
schematically showing the example of the bridge defect on
the L. & S pattern formed on the inspection object substrate.

FIG. 4D is a front view of a D-D cross section of the
inspection object substrate in FIG. 4C, showing a state in
which oblique illumination is given to the bridge defect on the
L & S pattern formed on the inspection object substrate.

FIG. 5A is a plan view of an inspection object substrate
schematically showing an example of a bridge defect on an L.
& S pattern formed on the inspection object substrate.

FIG. 5B is a front view of the E-E cross section of the
inspection object substrate in FIG. 5A, showing polarization
directions of illuminating light in a state in which the vertical
illumination is given to the bridge defect on the L & S pattern
formed on the inspection object substrate.

FIG. 5C is a side view of a cross section of the inspection
object substrate at the origin O in the X direction in FIG. 5B,
showing the polarization directions of the illuminating light
in the state in which the vertical illumination is given to the
bridge defect on the L & S pattern formed on the inspection
object substrate.

FIG. 6 is a schematic block diagram showing the overall
configuration of a vertical illumination optical system in the
embodiment of the present invention.

FIG. 7 is a schematic block diagram showing the overall
configuration of a modified example of the vertical illumina-
tion optical system in the embodiment of the present inven-
tion.

20

25

30

35

40

45

50

55

60

65

4

FIG. 8 is a schematic block diagram showing the overall
configuration of another modified example of the vertical
illumination optical system in the embodiment of the present
invention.

FIG. 9 is a schematic diagram showing the distribution of
the polarization direction of scattered light from a bridge
defect of an L & S pattern in the embodiment of the present
invention.

FIG. 10A is a plan view showing the configuration of a
polarization conversion element of a vertical detection sec-
tion in the embodiment of the present invention.

FIG. 10B is a schematic diagram showing the status of
polarization distribution of scattered light from the inspection
object substrate entering the polarization conversion element
of the vertical detection section in the embodiment of the
present invention.

FIG. 10C is a schematic diagram showing the status of
polarization distribution of the scattered light from the
inspection object substrate after passing through the polariza-
tion conversion element of the vertical detection section in the
embodiment of the present invention.

FIG. 11A is a plan view showing the configuration of a
polarization conversion element of the oblique detection sec-
tion in the embodiment of the present invention.

FIG. 11B is a schematic diagram showing the status of
polarization distribution of scattered light from the inspection
object substrate entering the polarization conversion element
of the oblique detection section in the embodiment of the
present invention.

FIG. 11C is a schematic diagram showing the status of
polarization distribution of the scattered light from the
inspection object substrate after passing through the polariza-
tion conversion element of the oblique detection section in the
embodiment of the present invention.

FIG. 12 is a flow chart showing the flow of a process for
determining an inspection recipe in the embodiment of the
present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The present invention relates to a defect inspection method
and a defect inspection device for inspecting the status of
occurrence of defects in a manufacturing process for manu-
facturing a product by forming a pattern on a substrate (semi-
conductor manufacturing process, liquid crystal display ele-
ment manufacturing process, printed circuit board
manufacturing process, etc.) to be used in a process for detect-
ing the defects, analyzing the occurrence of defects and tak-
ing countermeasures against the occurrence of defects.

Inspection of a bridge defect (where parts of an L & S
pattern of a high aspect ratio and a short interval (shorter than
or equal to the wavelength of the illuminating light) are con-
nected together) with high sensitivity is made possible by
employing an illumination optical system and a detection
optical system having the following features for the defect
inspection device: The illumination optical system condenses
light into a linear shape that is long in one direction so that the
polarization direction of the light after passing through a
condensing optical element is in a plane orthogonal to the
longitudinal direction of the [ & S pattern on the substrate in
the entire region within the aperture angle range of the con-
densing of light, and gives illumination having a component
whose polarization direction at the condensing position is
orthogonal to the substrate. The detection optical system
detects a polarization component of the scattered light
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(caused by the illumination) that is in a latitude direction of a
celestial sphere centering at the field of view of the detection.

Referring now to the drawings, a description will be given
in detail of a preferred embodiment of the present invention.

FIG. 1A is a block diagram showing an example of the
configuration of a defect inspection device in accordance with
an embodiment of the present invention. The defect inspec-
tion device according to this embodiment comprises a light
source section 101, a vertical illumination section 111, an
oblique illumination section 112, a vertical illumination mir-
ror 121, an objective lens 102, a detection optical filter section
103, an imaging lens 105, a detector 106, a processing section
20, an overall control section 301, a display section 302, a
computation section 303, a storage section 304, a stage drive
section 151, and an X-Y-Z-0 stage 152 (hereinafter referred to
simply as a “stage 1527).

The outline of the operation of the defect inspection device
according to this embodiment will be explained below. Illu-
minating light is applied to an inspection object substrate 2
from a vertical direction by the light source section 101, the
vertical illumination section 111, the vertical illumination
mirror 121 and the objective lens 102. Along with or indi-
vidually from the illumination from the vertical direction,
illuminating light is applied to the inspection object substrate
2 from an oblique direction by the light source section 101
and the oblique illumination section 112. Light (reflected
light, diffracted light, scattered light) from the inspection
object substrate 2 is condensed by the objective lens 102,
received by the detector 106 via the detection optical filter
section 103 and the imaging lens 105, and converted by the
detector 106 into an image signal.

According to the acquired image signal, the processing
section 20 makes a defect judgment. The processing section
20 includes an image memory 21, an image comparison sec-
tion 22 and a defect extraction section 23. In the processing
section 20, an output signal from the detector 106 detecting
the scattered light from the inspection object substrate 2 is
inputted to the image memory 21 and the image comparison
section 22 and stored in the image memory 21.

The image comparison section 22 compares image data
inputted from the detector 106 with image data previously
stored in the image memory 21 (image data acquired by
detecting scattered light from a part from which the same
image data as the inputted image data should normally be
acquired) and calculates the difference between the inputted
image data and the previously stored image data. The defect
extraction section 23 compares the calculated difference
value (between the inputted image data and the previously
stored image data) with a preset threshold value and extracts
image data having a difference value greater than the thresh-
old value as defect candidates.

Information on the defect candidates extracted by the
defect extraction section 23 is stored in the storage section
304 and displayed on the display section 302 via the overall
control section 301. The inspection object substrate 2 is
scanned by the stage 152 which is driven by the stage drive
section 151 and the entire surface of the inspection object
substrate 2 is inspected.

The light source section 101 includes a laser light source
1011, an attenuator 1012, an ND filter 1013, a wave plate
1014 and a beam expander 1015. In the light source section
101, illuminating light emitted from the laser light source
1011 successively passes through the attenuator 1012, the ND
filter 1013, the wave plate 1014 and the beam expander 1015,
by which the light amount, the polarization state, the beam
diameter and the shape of the illuminating light are adjusted
and controlled. The light source section 101 outputs the illu-
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minating light adjusted and controlled as above. The optical
path of the illuminating light emitted from the light source
section 101 is switched by positioning a mirror 113 in or out
of the optical path, by which the illuminating light is lead to
the vertical illumination section 111 or the oblique illumina-
tion section 112. A laser light source of a short wavelength,
high output power, high luminance and high stability is suit-
able as the laser light source 1011. For example, a laser light
source using the third, fourth or fifth harmonic of a YAG laser
can be employed as the laser light source 1011.

While only one detection section 110 (formed of the objec-
tive lens 102, the detection optical filter section 103, the
imaging lens 105 and the detector 106) is shown in FIG. 1A,
two or more detection sections may be arranged at positions
where their objective lenses do not mechanically interfere
with each other. When the defect inspection device comprises
two or more detection sections, the processing section 20
makes the defect judgment by processing detection signals
from the two or more detection sections.

In cases where the defect inspection device comprises a
single detection section 110 like the example shown in FIG.
1A, alarge NA (Numerical Aperture) of the detection section
can be secured and high spatial resolution and high detection
efficiency can be provided, which is effective for the inspec-
tion of minute defects. In cases where the defect inspection
device comprises two or more detection sections 110, it is
possible to selectively detect scattered light in a particular
direction effective for the detection of each defect/pattern in
cases where the directional property of the scattered light
varies depending on the defect/pattern, which is effective for
improvement of capture ratio of the defect signal and reduc-
tion of false detection.

FIG. 2A is a schematic diagram showing an example of the
positional relationship among objective lenses 102a, 1025
and 102¢ of detection sections 110a, 1105 and 110¢ in a case
where the defect inspection device comprises two or more
detection sections. FIG. 2B is a schematic diagram showing
the positional relationship between the vertical illumination
section 111 and the oblique illumination section 112. A plane
containing the inspection object substrate 2 is defined as an
XY plane. The direction of a normal line to the inspection
object substrate 2 will bereferred to as a Z direction. The main
scan direction and the auxiliary scan direction of the stage
will be referred to as an X direction and aY direction, respec-
tively

The objective lenses 102a, 10256 and 102¢ of the three
detection sections 110a, 11056 and 110c¢ have their optical
axes in an X7 plane. The objective lens 102a of a vertical
detection section 110qa is arranged in the Z direction. The
vertical detection section 110q detects light from the inspec-
tion object substrate 2 emitted in the Z direction. The objec-
tive lenses 1026 and 102¢ of oblique detection sections 1105
and 110c are arranged on both sides of the objective lens 1024
of the vertical detection section 110a. The oblique detection
sections 1105 and 110¢ detect light from the inspection object
substrate 2 emitted in directions oblique to the Z direction.

FIG. 2C is a block diagram showing the configuration of
the oblique detection sections 1105 and 110¢. Each of the
oblique detection section 1105 (having the objective lens
1024) and the oblique detection section 110c¢ (having the
objective lens 102¢) is configured to include a detection opti-
cal filter section (1035, 103¢), an imaging lens (1055, 105¢)
and a detector (1065, 106¢) similarly to the detection section
110, which corresponds to the vertical detection section 110a,
explained by referring to FIG. 1A. However, the configura-
tion of the oblique detection sections 1105 and 110c¢ slightly
differs from that of the vertical detection section 1104 in that
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the oblique detection sections 1105 and 110c¢ include no
mirror 121 shown in FIG. 1A. Since the oblique detection
sections 1105 and 110c¢ are identical with each other in the
configuration, only one of the oblique detection sections is
shown in FIG. 2C.

In the configuration shown in FIG. 1A, the illuminating
light emitted from the light source section 101 is selectively
lead to the vertical illumination section 111 or the oblique
illumination section 112 by positioning the mirror 113 in or
out of the optical path by use of a vertical drive mechanism
(not shown). It is also possible to lead the illuminating light to
both the vertical illumination section 111 and the oblique
illumination section 112 by splitting the optical path by using
a beam splitter instead of the mirror 113.

In the configuration shown in FIG. 1A, when the mirror
113 is placed on standby at a position out of the optical axis of
the illuminating light emitted from the light source section
101 by a vertical drive mechanism (not shown), the illumi-
nating light from the light source section 101 enters the ver-
tical illumination section 111. The illuminating light after
passing through the vertical illumination section 111 is
reflected to a different direction by the vertical illumination
mirror 121 arranged at or in the vicinity of the pupil position
of'the objective lens 1024 and is lead to the inspection object
substrate 2 via the objective lens 102a. The angle of incidence
of the illuminating light upon the sample (inspection object
substrate 2) from above can be changed within the extent of
the NA of the objective lens 102 by changing the position of
the mirror 121 in the Y direction.

FIG. 1B indicates the relationship among the objective lens
102, the vertical illumination mirror 121 and the inspection
object substrate 2 shown in FIG. 1A. In FIG. 1B, is a view of
the objective lens 102 and the vertical illumination mirror
121. In the configuration shown in FIG. 1B, when the Y-di-
rection position of the vertical illumination mirror 121 is set
at P1 coinciding with the optical axis (central axis) of the
objective lens 102, the illuminating light after passing
through the vertical illumination section 111 is reflected by
the vertical illumination mirror 121 placed at the position P1,
passes through the objective lens 102, and is applied to the
inspection object substrate 2 as incident light 211P1 from a
substantially vertical direction.

On the other hand, when the Y-direction position of the
vertical illumination mirror 121 is set at P2 deviating from the
optical axis (central axis) of the objective lens 102 within the
field of view of the objective lens 102, the illuminating light
after passing through the vertical illumination section 111 is
reflected by the vertical illumination mirror 121 placed at the
position P2, passes through the objective lens 102, and is
applied to the inspection object substrate 2 as incident light
211P2 from an oblique direction with respect to the central
axis.

As above, the incident angle of the illuminating light
applied to the inspection object substrate 2 can be changed by
moving the position of the vertical illumination mirror 121
within the field of view of the objective lens 102 by using a
drive means (not shown). As a result, the detection rate (cap-
ture rate) of defects that should be detected can be increased
by properly setting the position of the vertical illumination
mirror 121 at an optimum position depending on the inspec-
tion object and the type of the defect that should be detected.
This increases the detection rate (capture rate) of asymmetric
defects.

In the configuration shown in FIG. 1A, when the mirror
113 is positioned by a vertical drive mechanism (not shown)
on the optical axis of the illuminating light emitted from the
light source section 101, the illuminating light from the light
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source section 101 is reflected by the mirror 113 toward the
mirror 114, reflected by the mirror 114, and enters the oblique
illumination section 112. The illuminating light after passing
through the oblique illumination section 112 travels outside
the objective lens 102a and is lead to the inspection object
substrate 2 through an optical path in the YZ plane and
oblique to the Z-axis direction.

The illuminating light is lead to the inspection object sub-
strate 2 through the optical system (optical path) via the
vertical illumination section 111 or through the optical sys-
tem (optical path) via the oblique illumination section 112,
while being condensed by an optical system (explained later)
into a linear beam shape (that is long in the Y direction and
short in the X direction) on the surface of the inspection object
substrate 2. The center of the field of view of each of the
objective lenses 102a, 1025 and 102¢ of the detection sections
has been adjusted to the condensing position of the illuminat-
ing light.

FIG. 3 shows the relationship among the incident direction
of the oblique illumination (oblique illuminating light) and
detecting directions of the detection sections. The incident
angle of the illuminating light 351 for the oblique illumina-
tion (light that passed through the oblique illumination sec-
tion 112) upon the surface of the inspection object substrate 2
will hereinafter be represented as 6i. The detection angle of
the oblique detection section performing the detection in a
direction oblique to a normal line of the inspection object
substrate 2 (i.e., oblique detection section having the objec-
tive lens 1025 or 102¢ in FIG. 2A) will hereinafter be repre-
sented as 0d. The two oblique detection sections are arranged
in directions symmetrical with each other with respect to the
YZ plane (£6d).

FIGS. 4A and 4B are schematic diagrams showing an
example of a case where the vertical illumination is applied to
a bridge defect on a high-aspect-ratio narrow-pitch L. & S
pattern. FIG. 4B is a cross-sectional view taken along the line
D-D in FIG. 4A. While the longitudinal direction of the line
pattern 201 is the Y direction in the illustrated example, the
longitudinal direction can also be set in the X direction by
changing the direction of setting the inspection object 2. A
bridge defect 202 exists between two lines of a high aspect
ratio line pattern 201. The height of the bridge defect 202 is
generally equivalent to or less than the height of the line
pattern 201 as shown in FIG. 4B.

In the direction orthogonal to the longitudinal direction of
the L. & S pattern (i.e., in the X direction in FIG. 4), the line
pattern 201 can be regarded as iteration of an intermittent
pattern shorter than or equal to the wavelength of the illumi-
nating light. Therefore, the oscillation of free electrons or
polarization does not follow the electric field oscillation in the
direction and the L & S pattern exhibits an optical response
like that of an insulator. Thus, even when the light absorption
rate of the material of the line pattern 201 is high, light whose
polarization direction is orthogonal to the longitudinal direc-
tion of the L & S pattern tends to pass through the pattern.

In contrast, a polarization component in parallel with the
longitudinal direction of the L & S pattern highly interacts
with the line pattern 201, undergoes strong reflection/scatter-
ing at the line pattern 201, and hardly reaches the inside 203
of the L. & S pattern. Therefore, in order to have the illumi-
nating light travel through the L. & S pattern (whose pitch (line
interval) is shorter than the wavelength) to the inside 203 and
reach the bridge defect 202, the use of illuminating light
polarized in the direction orthogonal to the longitudinal direc-
tion ofthe L. & S pattern (i.e., X direction in FIGS. 4A and 4B)
is effective. Incidentally, the “polarization direction” means,
in general, the oscillation direction of the electric field of light
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and the oscillation direction of the magnetic field of light, and
in this specification it means the oscillation direction of the
electric field.

The vertical illumination satisfies the above condition
when the conditions shown in FIG. 4B (incident direction
211: 7 direction, polarization direction 212: X direction) are
satisfied.

Further, the bridge defect 202 has anisotropy in the shape;
the length in the Z direction is greater than the lengths in the
X andY directions. Therefore, in order to generate a strong
scattered light from the defect, it is effective to form Z direc-
tion polarization (electric field oscillation in Z direction) 216
at the defect position with the illuminating light.

On the other hand, the oblique illumination satisfies the
aforementioned condition when the following conditions
shown in FIGS. 4C and 4D are satisfied: the line pattern 201
has been rotated 90 degrees from the state of FIG. 4A, as
shown in FIG. 4C; and the incident direction 213 is in parallel
with the YZ plane and the polarization direction 214 is in the
YZ plane (p-polarization), as shown in FIG. 4D.

FIGS. 5A-5C are schematic diagrams showing the polar-
ization direction of the vertical illumination 211 with respect
to the L & S pattern. FIG. 5B is a cross-sectional view taken
along the line E-E in FIG. 5A. FIG. 5C is a side view of FIG.
5B, that is, a cross-sectional view taken along the center line
in FIG. 5B. By setting the vertical illumination 211 (vertical
illuminating light) as linear polarization in the X direction
(linearly polarized light polarized in the X direction), the
illuminating light travels through the L & S pattern to the
inside of the patterns and reaches the defect 202. The illumi-
nation (illuminating light) is condensed in the X direction by
a vertical illumination condensing section 221 (correspond-
ing to the configuration from the vertical illumination section
111 to the objective lens 102q in FIG. 2B) and forms linear
illumination (linear illuminating light) that is short in the X
direction and long in the Y direction on the inspection object
substrate 2 (see FIG. 5C).

In ordinary type of linear polarization illumination, the
sign of the Z component of the amplitude of the illuminating
polarized light after passing through the vertical illumination
condensing section 221 inverts between the region where
X>0 and the region where X<0 in the illumination condens-
ing aperture range. Accordingly, the Z component of the
polarized light is canceled out at the condensing position and
electric field amplitude in the X direction is formed. In con-
trast, in this embodiment, a polarization state in which the
electric field oscillation direction 223 in the region where
X<0 (in the illumination condensing aperture range) and the
electric field oscillation direction 224 in the region where
X>0 (in the illumination condensing aperture range) are
opposite to each other in the X direction (i.e., a state in which
the polarization in the region where X<0 and the polarization
in the region where X>0 are both linear polarizations in the X
direction with a 180-degree phase difference from each other)
is formed in the luminous flux before passing through the
vertical illumination condensing section 221.

Accordingly, after passing through the vertical illumina-
tion condensing section 221, the signs of the Z components
coincide with each other and the signs of the X components
are opposite to each other (sign inversion) between the oscil-
lation direction 225 in the region where X<0 (in the illumi-
nation condensing aperture range Ap) and the oscillation
direction 226 in the region where X>0 (in the illumination
condensing aperture range Ap). Consequently, the X compo-
nent of the polarized light is canceled out at the condensing
position and electric field amplitude 227 in the Z direction is
formed. With the above configuration, it is possible to let the
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illuminating light reach the position of the defect 202 (defect
position) with high efficiency since the polarization of the
illumination is orthogonal to the longitudinal direction of the
L & S pattern. Further, since the polarization 227 in the Z
direction is formed at the defect position, strong scattered
light can be obtained from the defect.

FIG. 6 shows an example of the configuration of the verti-
cal illumination condensing section 221 formed by combin-
ing the vertical illumination section 111 and the objective lens
102. The linearly polarized illuminating light emitted from
the light source section 101 enters the vertical illumination
section 111 and is converted by a two split wave plate 231 into
linear polarizations in opposite directions (+X direction 223
and —X direction 224). The X andY directions in this example
correspond to the X and Y directions on the inspection object
substrate 2. Thereafter, the illuminating light is condensed by
acylindrical lens 241 and a condensing lens 242 (correspond-
ing to the objective lens 102 in FIG. 1A) into a linear spot 243
that is long in the Y direction on the surface of the inspection
object substrate 2.

The two split wave plate 231 has a function of a half-wave
plate in which the fast axis (phase advancement axis) in the
region where X>0 and the fast axis in the region where X<0
(when the optical axis (center) of the illuminating light is
defined as X=0) are orthogonal to each other. The example
shown in FIG. 6 has a configuration as a combination of a
half-wave plate 2311 whose fast axis 232 is +45 degrees
oblique to the Y-axis and a half-wave plate 2312 whose fast
axis 233 is -45 degrees oblique to the Y-axis. By inputting
linear polarization in the Y direction (linearly polarized light
polarized in the Y direction) to the tow split wave plate 231,
the polarization is rotated by +90 degrees and linear polariza-
tions 223 and 224 in opposite directions are obtained. The
illuminating light is condensed into a linear shape by the
combination of the cylindrical lens 241 and the condensing
lens 242. The objective lens 1024 of the vertical detection
section 110a serves also as the condensing lens 242. With this
configuration, it becomes possible to form the linear illumi-
nation spot 243 by the one-dimensional condensing of the
illuminating light while also acquiring a two-dimensional
image by the two-dimensional imaging with the detection
optical system (e.g., the detection section 110 shown in FIG.
1A).

A photonic crystal element obtained by forming an aniso-
tropic pattern (with a sub-wavelength pitch (interval) shorter
than the wavelength of the transmitted light) on a transparent
substrate to give a prescribed birefringent property to each
region, or an element obtained by joining two half-wave
plates (each of which is made of an anisotropic crystal)
together while changing the crystal orientation by 90 degrees
can be used as the two split wave plate 231. The former
element has the following advantages: Since the pattern is
formed on one transparent substrate, high wave front accu-
racy of the transmitted light can be maintained; Further, since
the element is formed by fine processing by means of lithog-
raphy, ill effect of the gap at the interface between adjoining
regions is negligible.

On the other hand, the former element has a disadvantage
in that the transmittance drops due to the influence of the
scattering by the fine pattern having width of subwavelength.
In contrast, the latter element has an advantage in that high
transmittance can be achieved by an appropriate antireflec-
tion coating. In the latter element, in order to maintain high
wave front accuracy of the transmitted light, the substrate
surfaces of the two substrates jointed together are required to
be in parallel with each other with high accuracy on the order
of the wavelength of the transmitted light. This can be imple-
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mented by preparing a substrate having guaranteed surface
accuracy as a reference surface and pressing the two half-
wave plates against the reference surface. The maintenance of
high wave front accuracy of the transmitted light is a condi-
tion necessary for the condensing the transmitted light from
the two split wave plate 231 into a thin linear spot. High wave
front accuracy of the transmitted waves within A/4 (prefer-
ably, within A/10) is at least necessary.

FIG. 7 shows a modified example of the configuration of
the vertical illumination section 111. In the short wavelength
range (ultraviolet, deep ultraviolet) effective for high-sensi-
tivity detection of minute defects, there exists a problem in
that forming a wave plate in an accurately adjusted state (in
which the phase difference has been adjusted with high accu-
racy) is difficult in comparison with wave plates for long
wavelength ranges. I[fthe phase difference caused by the wave
plate deviates from the designed value, the resultant direction
of'the polarization deviates from the designed direction. If the
phase difference caused by each region of the two split wave
plate 231 deviates from the designed value of %2 wavelength
(180 degrees), the polarization directions after the passage
through the two split wave plate 231 deviate from the £X
directions.

By arranging a polarization plate 251 not transmitting the
Y-direction polarization component and transmitting the
X-direction linear polarization component between the two
split wave plate 231 and the cylindrical lens 241 as shown in
FIG. 7, it is possible to remove the Y-direction polarization
component and obtain the intended polarizations in the +X
directions. By using a two split wave plate 231 that is made by
adjusting the phase difference of a wave plate by grinding,
cutting the adjusted wave plate into two wave plates and
joining the two wave plates together while changing the ori-
entation by 90 degrees, it is guaranteed that deviations of the
phase differences of the two regions of the two split wave
plate 231 from the designed values are equal to each other. As
a result, deviations of the polarization component directions
in the two regions from the X direction become equal to each
other and equal intensity balance can be achieved between the
polarization component in the +X direction and the polariza-
tion component in the —-X direction after the passage through
the polarizer 251.

Further, even when there is an intensity difference between
the polarization component in the +X direction and the polar-
ization component in the -X direction after the passage
through the polarizer 251, the intensity balance can be equal-
ized while maintaining the polarization directions after the
passage through the polarizer 251, by rotating the two split
wave plate 231 around the optical axis of the illuminating
light or by rotating the orientation of the linear polarization of
the illuminating light entering the two split wave plate 231 by
using a wave plate included in the vertical illumination sec-
tion 111.

FIG. 8 shows another modified example of the configura-
tion of the vertical illumination section 111. In this example,
a two split polarization plate 252 is employed in the configu-
ration of FIG. 7 instead of the two split wave plate 231. In
FIG. 8, the stripes drawn on the surfaces of the two split
polarization plate 252 and the polarization plate 251 indicate
the transmission axes of the polarization plates. When illu-
minating light linearly polarized in the Y direction passes
through the two split polarization plate 252, the polarization
state of the illuminating light turns into -45-degree linear
polarization in the region where X>0 and +45-degree linear
polarization in the region where X<0. When the illuminating
light further passes through the polarization plate 251, the
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polarization states turn into linear polarization in the -X
direction and linear polarization in the +X direction, respec-
tively.

The two split polarization plate 252 is implemented by a
photonic crystal or two polarization plates joined together.
Although the achieved illumination intensity decreases to %4
compared to the configurations shown in FIGS. 6 and 7, this
example has an advantage in that there occurs no deviation of
the output polarizations from the +X directions due to the
phase difference error of a wave plate, or no intensity differ-
ence between the polarization component in the +X direction
and the polarization component in the -X direction.

In the oblique illumination performed by the oblique illu-
mination section 112 to make the illuminating light be inci-
dent upon the inspection object substrate 2 through a path in
the Y-Z plane and oblique to the Z-axis, the inspection object
substrate 2 is set so that the longitudinal direction of the L &
S pattern is in the X direction and the illuminating light is
polarized in the p-polarization. With this setting, illumination
polarized in a direction orthogonal to the longitudinal direc-
tion of the L. & S pattern is formed, which is effective for the
inspection of defects inside the [ & S pattern. The configu-
ration of the oblique illumination section 112 is substantially
equivalent to that of the vertical illumination section 111
which has been explained referring to FIGS. 6-8, and thus
repeated explanation thereof is omitted for brevity.

FIG. 9 shows an example of the distribution of the polar-
ization direction of the scattered light from a bridge defect of
the L & S pattern on a celestial spherical surface. By the
oblique illumination performed by the oblique illumination
section 112 which has been explained referring to FIGS. 1A,
2B and 4B, illuminating light having the polarization com-
ponent 216 in the Z direction (see FIG. 4B) is applied to the
bridge defect 202 which is long in the Z direction so as to
cause strong scattered light from the bridge defect 202. If the
outgoing direction of the scattered light is represented by
associating it with a position on a hemisphere centering at the
bridge defect 202 as shown in FIG. 9, the polarization direc-
tion of the scattered light caused by the electric field oscilla-
tion of the polarization component 216 in the Z direction is
represented by a direction parallel to a longitude line of the
hemisphere.

In FIG. 9, the polarization direction 603 of the scattered
light in the aperture 601 (corresponding to “Ap” in FIG. 5B)
of the vertical detection section 110a and the polarization
direction 604 in the aperture 602 of the oblique detection
section 11056 or 110c are shown. By using a polarization filter
that transmits polarization components of the scattered light
from the defect shown in FIG. 9 in the detection optical filter
section of the vertical detection section 110« and the oblique
detection section 11056 or 110c¢, it is possible to block irrel-
evant scattered light (other than the scattered light from the
defect) with high light blocking ratio, transmit the scattered
light from the defect with high transmittance, and thereby
detect the defect with high sensitivity.

In the detection optical filter section 103 of the vertical
detection section 110a, a polarization filter that transmits
radial polarization distribution is effective since the polariza-
tion of the scattered light from the defect is distributed radi-
ally on the detection aperture 601. An example of such a
polarization filter is a segmented polarization plate which is
designed to transmit the radial polarization distribution by
using a photonic crystal. Another example of such a polariza-
tion filter is a combination of an axisymmetric polarization
conversion element and a linear polarizer, which is capable of
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converting the radial polarization distribution into linearly
polarized light and exclusively transmitting the linearly
polarized light.

FIG. 10A shows an example of such an axisymmetric
polarization conversion element 1031. The axisymmetric
polarization conversion element 1031 is formed of a plurality
of half-wave plates arranged so that the direction of the fast
axis varies depending on the in-plane orientation. Each arrow
605 in FIG. 10A indicates the direction of the fast axis. The
axisymmetric polarization conversion element 1031 is con-
figured so that the fast axis direction in a region at an angle o
from a prescribed orientation equals o/2 or —ai/2.

By applying such an axisymmetric polarization conversion
element 1031 to incident light having a radial polarization
distribution 1041 like the one shown in FIG. 10B while plac-
ing the center of the element 1031 at the center of the optical
axis of the vertical detection section 1104, the radial polar-
ization distribution 1041 of the incident scattered light from
the defect is converted into linear polarization 1042 as shown
in FIG. 10C (linear polarization in the vertical direction in the
case of the fast axis directions shown in FIG. 10A) and out-
putted from the axisymmetric polarization conversion ele-
ment 1031. The scattered light from the defect which has been
converted into the linear polarization 1042 by the axisymmet-
ric polarization conversion element 1031 is inputted to a
linear polarizer 1032. With this configuration, only polarized
light deriving from the scattered light from the defect can be
selectively transmitted by the linear polarizer 1032 and
detected by the detector 106.

Consequently, defect detection with high sensitivity
becomes possible. Similarly to the two split wave plate 231,
the axisymmetric polarization conversion element 1031 is
implemented by a photonic crystal element or an element
obtained by joining half-wave plates 606 (each of which is
made of an anisotropic crystal) together. To secure necessary
imaging performance of the vertical detection section 110a,
an element whose transmitted wave front accuracy is at least
A4 or higher (preferably, A/10 or higher) is used as the axi-
symmetric polarization conversion element 1031.

In the detection optical filter sections 1035 and 103¢ of the
oblique detection sections 1105 and 110¢, the polarizations
604 of the scattered light from the defect have a polarization
distribution in which the inclination gradually changes in the
longitude direction on the detection aperture 602, and thus the
use of a polarization filter transmitting such a polarization
distribution is effective. FIG. 11A shows an example of a
polarization conversion element 1501 which is used for the
detection optical filter sections 1035 and 103¢ of the oblique
detection sections 1105 and 110c. The polarization conver-
sion element 1501 is formed of a combination of half-wave
plates 611 (similarly to the axisymmetric polarization con-
version element 1031 shown in FIG. 10A) with a different
in-plane distribution of the wave plate orientation. The polar-
ization conversion element 1501 for the oblique detection
sections 1106 and 110c¢ is formed of a plurality of half-wave
plates 611 arranged so that the direction 612 of the fast axis
varies depending on the in-plane orientation. Each arrow 612
in FIG. 11A indicates the direction of the fast axis.

The scattered light from the defect on the inspection object
substrate 2 enters the polarization conversion element 1501
while having a polarization distribution in directions of lon-
gitude lines 604 in the aperture 602 shown in FIG. 9, that is,
a polarization distribution indicated by the arrows in FIG.
11B. The polarization conversion element 1501 is formed to
have an orientation distribution of the half-wave plates 611
capable of aligning (converting) the polarization distribution
of'the incident light into a distribution aligned in one direction
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(as shown in FIG. 11C) in the outgoing light from the polar-
ization conversion element 1501.

FIG. 12 is a flow chart showing an example of a method for
setting an inspection recipe in a defect inspection method for
setting the inspection recipe and performing the defect
inspection according to the inspection recipe. Here, the
“inspection recipe” means an inspection condition (illumina-
tion condition, detection condition, defect judgment process-
ing condition, etc.) for the inspection or a combination of two
or more inspection conditions. In an inspection according to
a combination of two or more inspection conditions, inspec-
tions under respective inspection conditions are performed
successively and the final inspection result is obtained by
integrating the results of the inspections under the respective
inspection conditions.

To set the inspection recipe, the inspection recipe setting is
started (S1201) and a loading direction of the inspection
object substrate is set (S1202). The “loading direction” means
the orientation of the inspection object where the inspection
object substrate is loaded on the stage 152. Subsequently, the
illumination condition (vertical illumination or oblique illu-
mination) is selected (S1203). When the oblique illumination
is selected, a spatial filter setting is made (S1204), in which
the installation position of a spatial filter and the number of
light blocking patterns forming the spatial filter are set.
Thereafter, the process advances to an illumination polariza-
tion setting (S1205) for setting an illumination polarization
state. On the other hand, when the vertical illumination is
selected in the illumination condition selection (S1203), the
incident angle of the vertical illumination (the Y-direction
position of the vertical illumination mirror 121 in FIG. 1B) is
set (S1206) and then the installation position of a spatial filter
and the number of light blocking patterns forming the spatial
filter are set (S1207). Thereafter, the process advances to the
illumination polarization setting (S1205).

After setting the polarization illumination in the step
S1205, an analyzer condition (polarization condition) of each
detection section s set (S1208), the analyzer condition setting
(S1208) being according to the condition of the analyzer
direction (polarization direction) implemented by the polar-
izer of each detection section. Subsequently, the illumination
power is set (S1209) and thereafter the defect judgment pro-
cessing condition setting is made (S1210) for performing the
defect judgment processing. By the above sequence, one
inspection condition is determined.

At this point, a trial inspection of the inspection object
substrate 2 is performed (S1211) and the inspection result is
displayed on the display section 302 (S1212). The inspection
result includes the number of detected defects, whether each
defect included in a set of defects previously specified as
inspection object defects was detected or not, the capture rate,
the number of false alarms, a false alarm rate, the number of
defects newly detected by using the inspection condition
newly set in comparison with a previously set inspection
recipe, etc. Based on these items of information, the user
judges the effectiveness of the inspection condition (S1213).
If the inspection condition is judged to be effective (S1213:
YES), the inspection condition is added to the inspection
recipe (S1214). Subsequently, a judgment is made on whether
the detection capture rate (or the number of detected inspec-
tion object defects) achieved by the inspection recipe updated
by the above sequence has reached a target value or not
(S1215). If the detection capture rate has reached the target
value (S1215: YES), the inspection recipe is determined
(S1216) and the inspection recipe setting is ended.

If the inspection condition is judged to be not effective in
the inspection condition effectiveness judgment step S1213
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(81213: NO), the process advances to the step for judging
whether the detection capture rate has reached the target value
or not (S1215) without adding the inspection condition to the
inspection recipe. If the detection capture rate is judged to
have not reached the target value in the judgment step S1215
(S81215: YES), the process returns to the step S1202 and the
setting of a new inspection condition is made again.

It is to be noted that the present invention is not limited to
the aforementioned embodiments, but covers various modi-
fications. While, for illustrative purposes, those embodiments
have been described specifically, the present invention is not
necessarily limited to the specific forms disclosed. Thus,
partial replacement is possible between the components of a
certain embodiment and the components of another. Like-
wise, certain components can be added to or removed from
the embodiments disclosed.

Further note that the control lines and information lines
shown above represent only those lines necessary to illustrate
the present invention, not necessarily representing all the
lines required in terms of products. Thus, it can be assumed
that almost all the components are in fact interconnected.

The invention may be embodied in other specific forms
without departing from the spirit or essential characteristics
thereof. The present embodiment is therefore to be consid-
ered in all respects as illustrative and not restrictive, the scope
of the invention being indicated by the appended claims,
rather then by the foregoing description, and all changes
which come within the meaning and range of equivalency of
the claims are therefore intended to be embraced therein.

What is claimed is:

1. A defect inspection device comprising:

a light source that emits laser;

a vertical illumination unit that applies the laser emitted
from the light source to a sample having a line pattern
formed thereon from a vertical direction via an objective
lens;

an oblique illumination unit that applies the laser emitted
from the light source to the sample having the line pat-
tern formed thereon from an oblique direction;

a detection optical system unit which condenses and
detects light that is reflected/scattered from the sample
illuminated with the laser applied by the vertical illumi-
nation unit or the oblique illumination unit but that
enters the objective lens; and

a signal processing unit that processes a signal generated
by the detection optical system unit to thereby detect a
defect on the sample having the line pattern formed
thereon,

wherein, the vertical illumination unit includes a polariza-
tion conversion unit that converts the laser emitted from
the light source into linearly polarized light and the
vertical illumination unit applies the laser passed
through the polarization conversion unit to the line pat-
tern formed on the sample, with the laser being set in a
state polarized in a direction orthogonal to a longitudinal
direction of the line pattern; and

wherein, the detection optical, system unit includes an
optical filter that selectively transmits a scattered light
component from the defect on the sample having the line
pattern by converting the polarization state of the
reflected/scattered light entered and condensed by the
objective lens into linear polarization.

2. The defect inspection device according to claim 1,
wherein the vertical illumination unit condenses the laser
emitted from the light source into a linear shape that is long in
one direction, adjusts a longitudinal direction of the con-
densed laser to the longitudinal direction of the line pattern
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formed on the sample, and applies the laser to the line pattern
formed on the sample, the laser being condensed in the linear
shape long in one direction and in the state polarized in the
direction orthogonal to the longitudinal direction of the line
pattern.

3. The defect inspection device according to claim 1,
wherein the oblique illumination unit condenses the laser
emitted from the light source into a linear shape that is long in
one direction, sets the polarization state of the laser to p-po-
larization, and applies the laser to the sample having the line
pattern formed thereon.

4. The defect inspection device according to claim 1,
wherein each of the vertical illumination unit and the oblique
illumination unit includes:

a polarization separation unit that separates the laser emit-
ted from the light source into two beams of polarized
light in opposite polarization directions; and

a lens unit that condenses the two beams of polarized light
in opposite polarization directions separated by the
polarization separation unit into a linear shape.

5. The defect inspection device according to claim 1, fur-
ther comprising an oblique detection optical system unit that
condenses and detects reflected/scattered light that was
reflected/scattered in an oblique direction outside the objec-
tive lens of the detection optical system unit, the reflected/
scattered light having been reflected/scattered from the
sample illuminated with the laser applied by the vertical
illumination unit or the oblique illumination unit.

6. A defect inspection method comprising the steps of:

applying laser emitted from a light source to a sample
having a line pattern formed thereon from a vertical
direction via an objective lens, or applying laser emitted
from the light source to the sample having the line pat-
tern formed thereon from an oblique direction;

condensing and detecting light that is reflected/scattered
from the sample illuminated with the laser applied from
the vertical direction or the oblique direction but that
enters the objective lens; and

processing a detection signal, thereby detecting a defect on
the sample having the line pattern formed thereon,

wherein, the application of the laser from the vertical direc-
tion is performed by first converting the laser emitted
from the light source into linearly polarized light, and
then applying the linearly polarized laser to the line
pattern formed on the sample, with the linearly polarized
light being set in a state polarized in a direction orthogo-
nal to a longitudinal direction of the line pattern; and

wherein, the detection is performed by first converting into
linear polarization the polarization state of the reflected/
scattered light entered and condensed by the objective
lens, and then selectively detecting a scattered light
component from the defect on the sample having the line
pattern.

7. The defect inspection method according to claim 6,
wherein the application of the laser from the vertical direction
is performed by first condensing the laser emitted from the
light source into a linear shape that is long in one direction,
next adjusting a longitudinal direction of the condensed laser
to the longitudinal direction of the line pattern formed on the
sample, and then applying the laser to the line pattern formed
on the sample, the laser being condensed in the linear shape
long in one direction and in the state polarized in the direction
orthogonal to the longitudinal direction of the line pattern.

8. The defect inspection method according to claim 6,
wherein the application of the laser from the oblique direction
is performed by first condensing the laser emitted from the
light source into a linear shape that is long in one direction,
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next setting the polarization state of the laser to p-polariza-
tion, and then applying the laser to the sample having the line
pattern formed thereon.

9. The defect inspection method according to claim 6,
wherein each of the application of the laser from the vertical
direction and the application of the laser from the oblique
direction is performed by first separating the Laser emitted
from the light source into two beams of polarized light in
opposite polarization directions, and then condensing the two
separated beams of polarized light in opposite polarization
directions into a linear shape by using a lens.

10. The defect inspection method according to claim 6,
wherein reflected/scattered light in an oblique direction out-
side the objective lens is condensed and detected, the
reflected/scattered light having being reflected/scattered from
the sample illuminated with the laser applied from the vertical
direction or the oblique direction.
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